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CHAPTER 5

INSTALLATION OF DEWATERING AND GROUNDWATER
CONTROL SYSTEMS

5-1. General. The successful performance of any
dewatering system requires that it be properly in-
stalled. Principal installation features of various types
of dewatering or groundwater control systems are pre-
sented in the following paragraphs.

5-2. Deep-well systems.

a. Deep wells may be installed by the reverse-rotary
drilling method, by driving and jetting a casing into
the ground and cleaning it with a bailer or jet, or with
abucket auger.

b. In the reverse-rotary method, the hole for the
well is made by rotary drilling, using a bit of asize re-
quired by the screen diameter and thickness of filter.
Soil from the drilling is removed from the hole by the
flow of water circulating from the ground surface
down the hole and back up the (hollow) drill stem from
the bit. The drill water is circulated by a centrifugal or
jet-eductor pump that pumps the flow from the drill
stem into a sump pit. As the hole is advanced, the soil
particles settle out in the sump pit, and the muddy
water flows back into the drill hole through a ditch cut
from the sump to the hole. The sides of the drill hole
are stabilized by seepage forces acting against a thin
film of finegrained soil that forms on the wall of the
hole. A sufficient seepage force to stabilize the hole is
produced by maintaining the water level in the hole at
least 7 feet above the natural water table. No bento-
nite drilling mud should be used because of gelling in
the filter and aquifer adjacent to the well. If the hole is
drilled in clean sands, some silt soil may need to be
added to the drilling water to attain the desired degree
of muddiness (approximately 3000 parts per million).
(Organic drilling material, e.g., Johnson’s Revert or
equivalent, may also be added to the drilling water to
reduce water loss.) The sump pit should be large
enough to allow the sand to settle out but small enough
so that the silt is kept in suspension.

¢. Holesfor deep wells should be vertical so that the
screen and riser may be installed straight and plumb;
appropriate guides should be used to center and keep
the screen plumb and straight in the hole. The hole
should be some deeper than the well screen and riser.
(The additional depth of the hole is to provide space
for wasting filter materia first put in the tremie pipe
if used.) After the screen is in place. the filter is tre-

mied in. The tremie pipe should be 4 to 5 inchesin dia-
meter, be perforated with slots ¥, to %, inch wide and
about 6 inches long, and have flush screw joints. The
slots will alow the filter material to become saturated,
thereby breaking the surface tension and “bulking” of
the filter in the tremie. One or two slots per linear foot
of tremie is generally sufficient. After the tremie pipe
has been lowered to the bottom of the hole, it should be
filled with filter material, and then slowly raised,
keeping it full of filter material at all times, until the
filter material is 5 to 10 feet above the top of the
screen. The filter material initially poured in the tre-
mie should be wasted in the bottom of the hole. The
level of drilling fluid or water in a reverse-rotary
drilled hole must be maintained at least 7 feet above
the natural groundwater level until al the filter ma-
teria is placed. If acasing is used, it should be pulled
as the filter material is placed, keeping the bottom of
the casing 2 to 10 feet below the top of the filter ma-
terial as the filter is placed. A properly designed, uni-
form (Dso/D10 £ 3 to 4) filter sand may be placed with-
out tremieing if it is poured in around the screen in a
heavy continuous stream to minimize segregation.

d. After thefilter is placed, the well should be devel-
oped to obtain the maximum yield and efficiency of
the well. The purpose of the development is to remove
any film of silt from the walls of the drilled hole and to
develop the filter immediately adjacent to the screen
to permit an easy flow of water into the well. Develop-
ment of a well should be accomplished as soon after
the hole has been drilled as practicable. Delay in doing
this may prevent a well being developed to the effi-
ciency assumed in design. A well may be developed by
surge pumping or surging it with a loosely fitting
surge block that is raised and lowered through the well
screen at a speed of about 2 feet per second. The surge
block should be slightly flexible and have a diameter 1
to 2 inches smaller than the inside diameter of the well
screen. The amount of material deposited in the bot-
tom of the well should be determined after each cycle
(about 15 trips per cycle). Surging should continue un-
til the accumulation of material pulled through the
well screen in any one cycle becomes less than about
0.2 foot deep. The well screen should be bailed clean if
the accumulation of material in the bottom of the
screen becomes more than 1 to 2 feet at any time dur-
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ing surging, and recleaned after surging is completed.
Material bailed from awell should be inspected to see
if any foundation sand is being removed. It is possible
to oversurge a well, which may breach the filter with
resulting infiltration of foundation sand when the well
is pumped.

e. After a well has been developed, it should be
pumped to clear it of muddy water and sand and to
check it for yield and infiltration. The well should be
pumped at approximately the design discharge from
30 minutes to several hours, with periodic measure-
ment of the well flow, drawdown in the well, depth of
sand in the bottom of the well, and amount of sand in
the discharge. Measurements of well discharge and
drawdown may be used to determine the efficiency
and degree of development of the well. The perfor-
mance of the well filter may be evaluated by measur-
ing the accumulation of sand in the bottom of the well
and in the discharge. A well should be developed and
pumped until the amount of sand infiltration is less
than 5 to 10 parts per million.

f. Deep wells, in which a vacuum is to be main-
tained, require an airtight seal around the well riser
pipe from the ground surface down for a distance of10
to 50 feet. The seal may be made with compacted clay,
nonshrinking grout or concrete, bentonitic mud, or a
short length of surface casing capped at the top. Im-
proper or careless placement of this seal will make it
impossible to attain a sufficient vacuum in the system
to cause the dewatering system to operate as designed.
The top of the well must also be sealed airtight.

0. After the wells are developed and satisfactorily
tested by pumping, the pumps, power units, and dis-
charge piping may be installed.

h. Where drawdown or vacuum requirements in
deep wells demand that the water level be lowered and
maintained near the bottom of the wells the pumps
will have to handle a mixture of water and air. If such
a requirement exists, the pump bowls should be de-
signed to allow increasing amounts of air to enter the
bowl, which will reduce the efficiency of the pump un-
til the pump capacity just equals the inflow of water,
without cavitation of the impellers. The impellers of
deep-well turbine pumps should be set according to the
manufacturer’s recommendations. Improper impeller
settings can significantly reduce the performance of a
deep-well pump.

5-3. Wellpoint systems.

a. Wellpoint systems are installed by first laying
the header at the location and elevation called for by
the plans as illustrated in figure 5-1. After the header
pipeis laid, the stopcock portion of the swing connec-
tion should be connected to the header on the spacing
caled for by the design, and all fittings and plugs in
the header made airtight using a pipe joint compound
to prevent leakage. Installation of the wellpoints gen-
eraly follows layout of the header pipe.

h. Self-jetting wellpoints are installed by jetting
them into the ground by forcing water out the tip of
the wellpoint under high pressure. The jetting action
of atypica self-jetting wellpoint is illustrated in fig-

Plan of a typical wellpoint system.
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Figure 5-1. Plan of a typical wellpoint system.
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ure 5-2. Self-jetting wellpoints can be installed in me-
dium and fine sand with water pressures of about 50
pounds per square inch. Wellpoints jetted into coarse
sand and gravel require considerably more water and
higher water pressures (about 125 pounds per square
inch) to carry out the heavier particles; either a hy-
drant or a jetting pump of appropriate size for the
pressures and quantities of jetting water required can
be used. The jetting hose, usually 2 to 3 inches in diam-
eter, is attached to the wellpoint riser, which is picked
up either by a crane or by hand and held in a vertical

position as the jet water is turned on. The wellpoint is
allowed to sink slowly into the ground and is slowly
raised and lowered during sinking to ensure that all

fine sand and dirt are washed out of the hole. Care
should be taken to ensure that a return of jet water to
the surface is maintained; otherwise, the point may
“freeze’ before it reaches grade. If the return of jet wa
ter disappears, the point should be quickly raised until

circulation is restored and then slowly relowered. In
gravelly sails, it may be necessary to supplement the
jet water with a separate air supply at about 125
pounds per square inch to lift the gravel to the surface.

If filter sand is required around the wellpoint to in-
crease its efficiency or prevent infiltration of founda
tion soils, the wellpoints generally should be installed

using a hole puncher and a jet casing to form the hole
for the wellpoint and filter. When the wellpoint reach-
es grade and before the water is turned off, the two
halves of a swing connection, if used, should be lined
up for easy connection when the jet water is turned off
and the jetting hose disconnected.

c. Where a wellpoint is to be installed with a filter
(i.e. “sanded”), generally the wellpoint should be in-
stalled in a hole formed by jetting down a 10- to 12-
inch heavy steel casing. The casing may be fitted with
aremovable cap at the top through which air and wat-
er may be introduced. The casing is jetted into the
ground with a return of air and water along the out-
side of the casing. Jetting pressures of 125 pounds per
square inch are commonly used; where resistant strata
are encountered, the casing may have to be raised and
dropped with a crane to chop through and penetrate to
the required depth. A casing may aso be installed us-
ing a combination jetting and driving tool, equipped
with both water and air lines, which fitsinside the cas-
ing and extends to the bottom of the casing. Most of
the return water from a ‘hole puncher” rises inside the
casing, causing considerably less disturbance of the ad-
jacent foundation soils. After the casing isinstalled to
a depth of 1 to 3 feet greater than the length of the as-
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(Courtesy of GriffinWellpoint Corp.)

Figure 5-2. Self-jetting wellpoint.
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sembled wellpoint, the jet is allowed to run until the
casing is flushed clean with clear water.

d. The wellpoint is placed in the casing, the sand fil-
ter tremied or poured in, and the casing pulled. Care
should be taken to center the wellpoint in the casing so
that it is completely surrounded with filter material.
Before the wellpoint is connected to the header, it
should be pumped to flush it and the filter and to
check it for “sanding.” All joints connecting wellpoints
to the header should be made airtight to obtain the
maximum needed vacuum.

e. Wellpoint pumps, similar to that shown in figure
5-3, are used to provide the vacuum and to remove
water flowing to the system. To obtain the maximum
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possible vacuum, the suction intake of the pump
should be set level with the header pipe, Wellpoint
pumps should be protected from the weather by a shel-
ter and from surface water or sloughing slopes by
ditches and dikes. The discharge pipe should be water-
tight and supported independently of the pump.

f. Vacuum wellpoint systems are installed in the
same manner as ordinary wellpoint systemsusing ajet
casing and filter, except the upper 5 feet of theriser is
sealed airtight to maintain the vacuum in the filter.

0. Jet-eductor wellpoints are usually installed using
a hole puncher and surrounding the wellpoint and ris-
er pipe with filter sand. Jet eductors are connected to
two headers-one for pressure to the eductors and

14
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2. Cleanout Chamber to Vacuum Pump 17. Belt Guard
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4. Suction or Header Connection 11. Vacuum Pump Exhaust 19, MT71-4 Rotary-Type Vacuum Pump
5. Wiper Float Drain Line 12. 0il Reclaimer for Vacuum Pump 20. Vacuum Pump Rocker-Type Base
6. Scrubber Float Chamber 13. Discharge Connection 21. Vacuum Pump Exhaust Thermometer
7. Wiper Float Chamber 14. Ftexible Coupling 22. Vacuum Pump Oil Supply Lines
8. Air Vent Valve i5. Engine 23. Oil Dripper/Lubricator for Vacuum

Pump

(Courtesy of Moretrench American Corp.)

Figure 5-3. Characteristic Parts of g wellpoint pump.
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another for return flow from the eductors and the
wellpoints back to the recirculation tank and pressure
pump.

5-4. Vertical sand drains. Vertical sand drains
can be installed by jetting a12- to 18-inch casing into
the soil to be drained; thoroughly flushing the casing
with clear water; filling it with clean, properly graded
filter sand; and pulling the casing similar to installing
“sanded” wellpoints. It is preferable to place the filter
sand through a tremie to prevent segregation, which
may result in portions of the filter being too coarse to
filter fine-grained soils and too fine to permit vertical
drainage. Sand drains should penetrate into the under-
lying pervious aquifer to be drained by means of wells
or wellpoints.

5-5. cutoff s.

a. Cement and chemical grout curtains.

(1) Cement or chemical grouts are injected
through pipes installed in the soil or rock. Generally,
pervious soil or rock formations are grouted from the
top of the formation downward. When this procedure
is followed, the hole for the grout pipe isfirst cored or
drilled down to the first depth to be grouted, the grout
pipe and packer set, and the first zone grouted. After
the grout is allowed to set, the hole is redrilled and ad-
vanced for the second stage of grouting, and the above
procedure repeated. This process is repeated until the
entire depth of the formation has been grouted. No
drilling mud should be used in drilling holes for grout
pipes because the sides of the hole will be plastered
with the mud and little, if any, penetration of grout
will be achieved.

(2) Mixing tanks and pump equipment for pres-
sure injection of cement or chemical grouts vary de-
pending upon the materials being handled. Ingredients
for agrout mix are loaded into a mixing tank equipped
with an agitator and, from there, are pumped to a stor-
age tank also equipped with an agitator. Pumps for
grouting with cement are generally duplex, positive
displacement, reciprocating pumps similar to slush
pumps used in oil fields. Cement grouts are highly
abrasive, so the cylinder liners and valves should be of
case-hardened steel Chemical grouts, because of their
low viscosity and nonabrasive nature, can be pumped
with any type of pump that produces a satisfactory
pressure. Grout pump capacities commonly range
from 20 to 100 gallons per minute at pressures rang-
ing from O to 500 pounds per square inch. The maxi-
mum grout pressure used should not exceed about 1
pound per sguare inch times the depth at which the
grout is being injected.

(3) The distribution system for grouting may be
either of two types. a single-line system or a recircu-
lating system. Because of segregation that may de-
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velop in the pressure supply line from the pump to the
grout injection pipe, the line must occasionaly be
flushed to ensure that the grout being pumped into the
formation is homogeneous and has the correct viscos-
ity. The grout in a single-line system is flushed
through a blowoff valve onto the ground surface and
wasted. A recirculating system has a return line to the
grout storage tank so that the grout is constantly be-
ing circulated through the supply line, with atap off to
the injection pipe where desired.

(4) Additional information on grouting is con-
tained in TM 5-818-6.

b. Surry walls.

(1) Slurry cutoff trenches can be dug with a
trenching machine, backhoe, dragline, or a clam buck-
et, typically 2 to 5 feet wide. The walls of the trench
are stabilized with a thick bentonitic slurry until the
trench can be backfilled. The bentonitic slurry is best
mixed at a central plant and delivered to the trench in
trucks or pumped from slurry ponds. Thetrenchis car-
ried to full depth by excavation through the durry,
with the trench being maintained full of slurry by the
addition of durry as the trench is deepened and ex-
tended.

(2) With the trench open over alimited length and
to full depth, cleaning of the slurry is commenced in
order to remove gravelly or sandy soil particles that
have collected in the slurry, especially near the bottom
of the trench. Fair cleanup can be obtained using a
clamshell bucket; more thorough cleaning can be ob-
tained by airlifting the slurry to the surface for circu-
lation through desanding units. Cleaning of the slurry
makes it less viscous and ensures that the slurry will
be displaced by the soilbentonite backfill. After clean-
ing the “in-trench” dlurry, the trench is generally back-
filled with a well-graded mix of sand-clay-gravel and
bentonite slurry with a slump of about 4 to 6 inches.
The backfill material and slurry may be mixed either
aong and adjacent to the trench or in a central mixing
plant and delivered to the trench in trucks.

(3) The backfill is introduced at the beginning of
the trench so as to displace the slurry toward the ad-
vancing end of the trench. In the initial stages of back-
fill, special precautions should be taken to ensure that
the backfill reaches the bottom of the trench and that
it assumes a proper slope (generally1V on 5H tolV on
10H). In order to achieve this slope, the first backfill
should be placed by clamshell or allowed to flow down
an inclined ramp, dug at the beginning end of the
trench. As the surface of the backfill is built up to the
top of the trench, digging the trench resumes as shown
in figure 5-4. Asthe backfill is bulldozed into the back
of the trench, it flows down the sloped face of the al-
ready placed backfill, displacing slurry as it advances.
Proper control of the properties of the slurry and back-
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fill is required to ensure that the slurry is not trapped
within the backfill.

(4) The backfill should be placed continuously as
the trench is advanced. By so doing, sloughing of the
trench walls will be minimized, and the amount ofben-
tonitic slurry required kept to a minimum. The level of
the dlurry in the trench should be maintained at least 5
feet above the groundwater table. Care should be tak-
en to control the density and viscosity of the bentoni-
tic dlurry as required by the design. To minimize wast-
age of bentonitic slurry, it may be necessary to screen
out sand and gravel in order to reuse the slurry. (Con-
struction techniques are still being developed,)

(5) The toe of the backfill slope should be kept
within 50 to 150 feet of the leading edge of the trench
to minimize the open length of the durry-supported
trench. During placement operations, excavation and
cleaning operations proceed simultaneously ahead of
the advancing backfill. (It should be noted that be-
cause of the geometric constraints set by the backfill
slope, the amount of open trench length supported by
dlurry is a function of the depth of the trench. For ex-
ample, if the trench is 100 feet deep and the backfill
slopeis1V on 8H, the open length will be about 900 to
950 feet-800 feet along the slope of the backfill face
plus 100 to 150 feet from the backfill toe to the lead-
ing edge of the trench.)

(6) When the trench is complete and the backfill
occupies the entire trench, a compacted clay cap is nor-
mally placed over the trench. Key steps in this con-
struction sequence involve the mixing of the bento-
nite-water slurry, excavation and stabilization of the
trench, cleaning of the slurry, mixing of the soil-bento-
nite backfill, displacement of the slurry by the back-
fill, and treatment of the top of the trench. Each of
these items must be covered in the specifications.

LEADING EDGE OF
TRENCH EXCAVATION

yd

¢. Steel sheet piling. Steel sheet pile cutoffs are con-
structed employing the same general techniques as
those used for driving steel sheet piles. However, pre-
cautions should be taken in handling and driving sheet
piling to ensure that the interlocks are tight for the
full depth of the piling and that all of the sheets are
driven into the underlying impermeable stratum at all
locations along the sheet pile cutoff. Methods and
techniques for driving steel sheet piling are described
in numerous referencestm this subject.

d. Freezing. Freezing the soil around a shaft or tun-
nel requires the installation of pipes into the soil and
circulating chilled brine through them. These pipes
generally consist of a 2-inch inflow pipe placed in a
6-inch closed-end “freezing” pipe installed in the
ground by any convenient drilling means. Two headers
are requried for a freezing installation: one to carry
chilled brine from the refrigeration plant and the oth-
er to carry the return flow of refrigerant. The refriger-
ation plant should be of adequate capacity and should
include standby or auxiliary equipment to maintain a
continuous operation.

5-6. Piezometers.

a. Installation. Piezometers are installed to deter-
mine the elevation of the groundwater table (gravity
or artesian) for designing and evaluating the perfor-
mance of a dewatering system. For most dewatering
applications, commercial wellpoints or small screens
are satisfactory as piezometers. The selection of well-
point or screen, slot size, need for filter, and method of
installation is the same for piezometers as for dewater-
ing wellpoints, Holes for the installation of piezomet-
ers can be advanced using continuous flight auger with
a hollow stem plugged at the bottom with a removable
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Figure 5-4. Installation Of a dlurrycutoff trench.



plug, augering with more or less simultaneous installa-
tion of a casing, or using rotary wash-boring methods.
The hole for a piezometer should be kept filled with
water or approved drilling fluid at all times. Bentoni-
tic drilling mud should not be used; however, an organ-
ic type of drilling fluid, such as Johnson’s Revert or
equivalent, may be used if necessary to keep the
drilled hole open. Any auger used in advancing the
hole should be withdrawn slowly from the hole so asto
minimize any suction effect caused by its removal.
When assembling piezometers, all fittings should be
tight and sealed with joint compound so that water
levels measured are those actually existing at the loca-
tion of the wellpoint screen. Where the water table in
different pervious formations is to be measured, the
riser pipe from the piezometer tip must be sealed from
the top of the screen to the ground surface to preserve
the isolation of one stratum from another and to ob-
tain the true water level in the stratum in which the
piezometer is set. Such piezometers may be sealed by
grouting the hole around the riser with a nonshrinking
grout of bentonite, cement, and fly ash or other suita-
ble admixture. Proportions of 1 sack of cement and 1
gallon of bentonite to 10 gallons of water have been
found to be a suitable grout mix for this purpose. Fly
ash can be used to replace part of the cement to reduce
heat of hydration, but it does reduce the strength of
the grout. The tops of piezometer riser pipes should be
threaded and fitted with a vented cap to keep dirt and
debris from entering the piezometer and to permit the
water level in the piezometer to adjust to any changes
in the natural water table.

(1) Hollow-stem auger method.

(a) After the hole for the piezometer is advanced
to grade, 1 to 2 feet below the piezometer tip, or after
the last sampleistaken in ahole to receive a piezomet-
er, the hollow-stem auger should be flushed clean with
water and the plug reinserted at the bottom of the au-
ger. The auger should then be slowly raised to the ele-
vation that the piezometer tip isto be installed. At this
elevation, the hollow stem should be filled with clean
water and the plug removed. Water should be added to
keep the stem full of water during withdrawal of the
plug. The hole should then be sounded to determine
whether or not the hollow stem is open to the bottom
of the auger. If material has entered the hollow stem
of the auger, the hollow stem should be cleaned by
flushing with clear water, or fresh Johnson’s Revert or
equivalent drilling fluid if necessary to stabilize the
bottom of the hole, through a bit designed to deflect
the flow of water upward, until the discharge is free of
soil particles. The piezometer screen and riser should
then be lowered to the proper depth inside the hollow
stem and the filter sand placed. A wire spider should
be attached to the bottom of the piezometer screen to
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center the piezometer screen in the hole in which it is
to be placed.

(b) The filter sand should be poured down the
hollow stem around the riser a a rate (to be deter-
mined in the field) which will ensure a continuous flow
of filter sand that will keep the hole below the auger
filled asthe auger is withdrawn, Withdrawal of the au-
ger and filling the space around the piezometer tip and
riser with filter sand should continue until the hole is
filled to apoint 2 to 5 feet above the top of the piezom-
eter screen. Above this elevation, the space around the
riser pipe may be filled with any clean uniform sand
up to the top of the particular sand stratum in which
the piezometer is being installed but not closer than 10
feet of the ground surface. An impervious grout sea
should then be placed from the top of the sand backfill
to the ground surface.

(2) Casing method. The hole for a piezometer may
be formed by setting the casing to an elevation 1 to 2
feet deeper than the elevation of the piezometer tip.
The casing may be set by a combination of rotary drill-
ing and driving the casing. The casing should be kept
filled with water, or organic drilling fluid, if neces-
sary, to keep the bottom of the hole from ‘blowing.”
After the casing has been set to grade, it should be
flushed with water or fresh drilling fluid until clear of
any sand. The piezometer tip and riser pipe should
then be installed and a filter sand, conforming to that
specified previoudy, poured in around the riser at a
rate (to be determined in the field) which will ensure a
continuous flow of filter sand that will keep the space
around the riser pipe and below the casing filled as the
casing is withdrawn without “sand-locking” the casing
and the riser pipe. Placement of the filter sand and
withdrawal of the casing may be accomplished in steps
as long as the top of the filter sand is maintained above
the bottom of the casing but not so much as to “sand-
lock” the riser pipe and casing. Filling the space
around the piezometer tip and riser with filter and
should continue until the holeis filled to a point 2 to 5
feet above the top of the piezometer screen. An imper-
vious grout seal should then be placed from the tog: of
the sand backfill to the ground surface.

(3) Rotary method. The hole for a piezometer may
be advanced by the hydraulic rotary method using
water or an organic drilling fluid. After the hole has
been advanced to a depth of 1 or 2 feet below the pie-
zometer tip elevation, it should be flushed with clear
water or clean drilling fluid, and the piezometer, filter
sand, sand backfill, and grout placed as specified above
for the casing method, except there will be no casing to
pull.

b. Development and testing. The piezometer should
be flushed with clear water and pumped after installa-
tion and then checked to determine if it is functioning
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properly by filling with water and observing the rate
of fall. A lo-foot minimum positive head should be
maintained in the piezometer following breakdown of
the drilling fluid. After at least 30 minutes have
elapsed, the piezometer should be flushed with clear
water and pumped. For the piezometer to be consid-
ered acceptable, it should pump at arate of at least 2
galons per minute, or when the piezometer is filled
with water, the water level should fall approximately
haf the distance to the groundwater table in a time
dightly less than the time given below for various

types of soil: .
Approximate
Type of Sail in Period of Timeof
Which Piezometer Observation 50 Percent Fall
Screen |s Set minutes minutes
Sandy silt (>50% silt) 30 30
Silty sand (<50% silt,
>12% silt) 10 5
Fine sand 5 1

If the piezometer does not function properly, it will be
developed by air surging or pumping with air if neces-
sary to make it perform properly.



